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ABSTRACT
Large-scale exoplanet search surveys have shown evidence that atmospheric escape is a ubiquitous process that shapes the evolution
and demographics of planets. However, we lack a detailed understanding of this process because very few exoplanets discovered to
date could be probed for signatures of atmospheric escape. Recently, the metastable helium triplet at 1.083 µm has been shown to be
a viable window for the presence of He-rich escaping envelopes around short-period exoplanets. Our objective is to use, for the first
time, the Phoenix spectrograph to search for helium in the upper atmosphere of the inflated hot Jupiter WASP-127 b. We observed
one transit and reduced the data manually since there is no pipeline available. We did not find a significant in-transit absorption signal
indicative of the presence of helium around WASP-127 b, and set a 90% confidence upper limit for excess absorption at 0.87% in a
0.75 Å passband covering the He triplet. Given the large scale height of this planet, the lack of a detectable feature is likely due to
unfavorable photoionization conditions to populate the metastable He i triplet. This conclusion is supported by the inferred low coronal
and chromospheric activity of the host star and the old age of the system, which result in a relatively mild high-energy environment
around the planet.
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1. Introduction
Results from surveys of transiting exoplanets are fundamental to
obtain a global overview of the exoplanet population in the so-
lar neighborhood. One of the most important discoveries of these
surveys is that the population of giant planets displays a dearth of
hot, Neptune-sized worlds (Lecavelier Des Etangs 2007; Mazeh
et al. 2016). One of the main explanations proposed for this fea-
ture is atmospheric loss: planets start their lives with a thick en-
velope rich in volatiles, which is gradually eroded by the high-
energy stellar irradiation (e.g. Lammer et al. 2003). However,
very few exoplanets have been revealed to be losing their atmo-
spheres (e.g., Vidal-Madjar et al. 2003; Lecavelier des Etangs
et al. 2010; Haswell et al. 2012; Ehrenreich et al. 2015; Bour-
rier et al. 2018; Sing et al. 2019), which sets a limit on how so-
phisticated escape models can become to explain observational
results.
Classical observations to study atmospheric escape have
been performed in ultraviolet (UV), mostly using the trans-
mission spectroscopy technique in the Lyman-α (H i) line at
1215.67 Å. Escape of heavier particles has also been detected
in UV around highly-irradiated, nearby hot-Jupiters (e.g., Vidal-
Madjar et al. 2004; Ben-Jaffel & Ballester 2013; Sing et al.
2019). These UV observations can only be performed from
space, since the Earth’s atmosphere is opaque to these wave-
lengths. Another limitation of Lyman-α transit spectroscopy is
that the interstellar medium (ISM) efficiently absorbs the core of
the line, so we can only access information at high Doppler ve-
locities (above ∼30 km s−1, depending on the radial velocity of
the host star). Furthermore, the Lyman-α emission line, includ-
ing its wings, is completely absorbed for distances larger than
∼100 pc.
More recently, Oklopcˇic´ & Hirata (2018) revised the pre-
diction of Seager & Sasselov (2000) that the metastable He i
triplet at 1.083 µm can be used in transmission to study atmo-
spheric properties of transiting planets, including escape. This
wavelength window is not affected by ISM absorption. Several
studies have come out to date exploiting this new technique (e.g.,
Spake et al. 2018; Allart et al. 2018; Mansfield et al. 2018; Nort-
mann et al. 2018; Kreidberg & Oklopcˇic´ 2018; Allart et al. 2019;
Alonso-Floriano et al. 2019; Kirk et al. 2020; Ninan et al. 2020;
Gaidos et al. 2020; Vissapragada et al. 2020). Since there are
more cases of planets amenable to infrared transit spectroscopy
than in the UV, and it will be impossible to probe all of them with
the few instruments currently available, the community would
benefit from including Phoenix in the roster of those capable of
conducting He i transmission spectroscopy.
Our objective in this study is to search for He in the up-
per atmosphere of the inflated hot Jupiter WASP-127 b (Lam
et al. 2017), and assess the capability of an alternative spec-
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trograph in the Southern Hemisphere for this purpose. The or-
bital and planetary parameters of WASP-127 b were recently
updated with a joint analysis of TESS and Euler photometry, and
CORALIE radial velocities, yielding a radius Rpl = 1.311+0.025−0.029
RJup, mass Mpl = 0.165+0.021−0.017 MJup and orbital semi-major axis
apl = 0.0484+0.0013−0.0009 au (Seidel et al., in prep.). The planet has
recently been shown to display a feature-rich transmission spec-
trum from near-UV to near-infrared wavelengths (Chen et al.
2018; Spake et al. 2019), thus bringing further evidence that
WASP-127 b is a promising target for atmospheric characteri-
zation.
2. Observation and data reduction
We observed one transit of WASP-127 b in the night of 17 March
2019 using the visiting instrument Phoenix spectrograph (Hin-
kle et al. 2003) installed on the Gemini South Telescope (PI: dos
Santos, Director’s discretionary time program GS-2019A-DD-
105). This observation was a pilot study to assess the feasibility
of using the Phoenix spectrograph to measure He extended at-
mospheres around transiting exoplanets. We used the J9232 slit
with an aperture of 0.25 arcsec (3 pixels), resulting in a nominal
resolving power of R ∼ 65,000 near the He triplet. The expo-
sure times were set to 900 s and we obtained 24 spectra covering
the transit and the out-of-transit baseline. Two in-transit expo-
sures had to be discarded because of high noise levels, possibly
caused by the passage of clouds.
The Phoenix spectrograph is neither cross-dispersed nor sta-
bilized like other high-resolution spectrographs currently used
for cutting-edge exoplanet science; this lack of wavelength sta-
bility does not, however, preclude us from using it to conduct
transmission spectroscopy studies. Phoenix is capable of spec-
troscopy across the 1 − 5 µm region, and the wavelength cov-
erage is limited to the bandpass of the blocking filter mounted
on the instrument and the finite size of the detector. The spectro-
graph does not possess an automatic data reduction pipeline, so
we performed the reduction manually using IRAF and the pack-
ages CCDPROC and CCDRED. Besides the science exposures, the
full data set also consists of 11 dark exposures, 20 flat-field expo-
sures, and 8 telluric standard exposures. The uncertainties of all
exposures were calculated assuming a gain of 9.2 electrons per
analog-to-digital unit (ADU), and a readout noise of 40 electrons
per pixel. All the uncertainties quoted in this study are calculated
by propagating the uncertainties of the raw data in all steps of the
data reduction and analysis process.
All exposures were trimmed in the wavelength dispersion di-
rection, removing the first 100 pixels and the last 24 pixels to
avoid noisy regions. The dark and flat-field frames were com-
bined as a median with 3σ clipping to produce the master dark
and flat-field frames. We subtracted the dark from the master flat-
field and normalized it by its overall mean to obtain the response
function of the detector.
The levels of sky background are highly variable near 1 µm.
The strategy to perform sky subtraction with Phoenix observa-
tions consists in alternating the position of the stellar spectrum in
the detector between each exposure. These positions are named
A and B, and consecutive observations follow the pattern ABBA;
each pair AB or BA is subtracted of each other’s exposure, re-
sulting in images without sky and dark-current background (see
Fig. 1). All telluric and science frames are then divided by the
normalized master flat-field image.
The spectra are finally extracted using IRAF’s task APALL
from each exposure. The only manual step is to set the initial
A B A B B A
Fig. 1. Two consecutive science exposures (left) with spectra in different
positions are subtracted of each other to remove the sky background
(right).
aperture location in the spatial direction. This is done by finding
the center of the stellar profile in two cross-dispersion cuts, one
in the upper and one in the lower part of the detector. We then fit
the spectral trace with a third-order polynomial and two iteration
steps using the previously two points as a starting point to the fit.
The width of the spectral trace is calculated automatically by the
APALL task. We extracted the spectra for the science and telluric
standard exposures using a regular box extraction algorithm.
We performed the wavelength calibration using the IRAF’s
tasks IDENTIFY and DISPCOR; as reference, we used the telluric
lines available in the wavelength range of the spectra (1080.76-
1084.62 nm). The average root mean square (RMS) of the wave-
length calibration is ∼0.001 nm per pixel, or ∼0.28 km s−1 in
Doppler space, which represents the internal precision of the
wavelength calibration. We measured the wavelength stability
of Phoenix near the 1.083 µm He triplet and found that it is, in
average, ∼1.6 pixels or ∼2.2 km s−1 in Doppler space. For com-
parison, the Doppler trajectory of the planet WASP-127 b during
transit vary between approximately −30 and +30 km s−1. Each
spectra of WASP-127 is corrected for the barycentric radial ve-
locity calculated with barycorrpy, a Python implementation of
the algorithm by Wright & Eastman (2014), and then shifted to
the stellar rest frame. The last step of the data reduction is to
normalize the spectra of WASP-127; this is achieved by fitting
the continuum of the spectra with the task CONTINUUM. For the
sake of consistency, we fitted the continuum of all spectra with
three cubic spline pieces. The average signal-to-noise ratio of the
spectra near the He triplet is ∼26. In the beginning of the obser-
vation there is no telluric contamination in the wavelength range
of interest near the He triplet (see Fig. 2). But we found a fea-
ture during the transit near 1083.35 nm that could be caused by
telluric lines (see Fig. 3). This feature is, however, far from the
wavelength range of He i triplet, so there was no need to correct
for it in our analysis.
3. Results and discussion
Since the spectra are normalized, we lose information about the
flux decrease by the opaque disk of WASP-127 b; our analysis is
thus only sensitive to excess absorption caused by the planet’s at-
mosphere at specific spectral lines. In total, we obtained 10 spec-
tra outside the transit, and combined them to produce a master
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out-of-transit spectrum (see Fig. 2). Contrary to previously ob-
served targets, such as WASP-107 and HAT-P-11, the host star
WASP-127 does not exhibit strong absorption lines of He in its
spectrum. However, this does not preclude us from searching an
in-transit signal produced by the transiting planet, since it would
produce an absorption in the stellar continuum instead. In fact,
we expect that it improves the search for planetary He by increas-
ing the local signal-to-noise ratio (more photons than if there was
a stellar line) and by avoiding flux variations due to the shifting
stellar line in the planet rest frame.
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Fig. 2. Out-of-transit spectrum of WASP-127 around the He triplet
(blue) and a telluric standard spectrum for reference (orange). The ver-
tical dashed lines represent the central wavelengths of each line in the
triplet.
The time series of the ratio between the individual spectra
obtained during the observation and the master out-of-transit
spectrum is shown in Fig. 3. The horizontal structure between
phases −0.02 and −0.01 in Fig. 3 is likely due to normalization
issues caused by the lower SNR of these exposures. Based on the
technique of Wyttenbach et al. (2015), we compute an individual
transmission spectrum as ft,k = 1 − fin,k/Fout, where fin,k is the
kth in-transit spectrum and Fout is the master out-of-transit spec-
trum. fin,k is calculated by shifting the spectrum of WASP-127
to the planetary rest frame. The final transmission spectrum Ft
is computed by combining the individual ones as a median, and
the result is shown in Fig. 4.
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Fig. 3. Time series of the ratio between the individual spectra and
the master out-of-transit spectrum; absorptions are positive and white
regions represent bad pixels or discarded exposures. The horizontal
dashed lines represent the phases of ingress and egress of WASP-127 b.
The dashed red lines represent the central wavelength of the He triplet
in the planetary rest frame.
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Fig. 4. Transmission spectrum of WASP-127 b around the He triplet.
Absorption is positive.
The average precision of the transmission spectrum of
WASP-127 b is 1.9% per wavelength bin. This level of uncer-
tainty is comparable to that obtained for one transit of WASP-
107 b with the CARMENES spectrograph (Allart et al. 2019).
For comparison, the number of measured spectra in both pro-
grams is similar, both WASP-127 and WASP-107 possess sim-
ilar J magnitudes, but the Gemini South Telescope has a mirror
size of 8.1 m, while CARMENES is installed on a 3.5 m tele-
scope.
An inspection of the spectral ratio time series and the trans-
mission spectrum does not reveal a strong planetary absorption
in the He triplet. We computed the integrated flux inside the
wavelength range [1083.280, 1083.355] nm, the same bandwidth
as in (Allart et al. 2019), and found an in-transit excess absorp-
tion consistent with null: 0.42% ± 0.36%, which corresponds to
an upper limit of 0.87% at 90% confidence. In this project we
used a slit width of 0.25 arcsec (3 pixels), but future projects
with this instrument could benefit from higher SNR if the widest
slit width is used (0.34 arcsec, or 4 pixels). In such a case, there
would be some loss in spectral resolution (R ∼ 50,000), but given
that the instrument is not stabilized in the first place and that the
final error in wavelength calibration is ∼1.6 pixels, such a loss
is not expected to severely affect how well we are able to trace
atmospheric signals in Doppler space for short-period, massive
exoplanets.
WASP-127 b and its host star are not as well studied as other
systems for which we currently have detected He absorption sig-
nals. Using the most up-to-date planetary parameters (Lendl et
al., in prep.), and assuming a mean molecular weight of 2.3mH ,
we calculated the lower-atmosphere scale height Heq of WASP-
127 b as 2109+313−231 km. This is the largest scale height for a planet
with a published He i transmission spectroscopy study to date
(see, e.g., Alonso-Floriano et al. 2019, and references therein).
The resulting 90% confidence upper limit for the ratio between
the equivalent height of the absorbing atmosphere δRpl and the
lower atmosphere scale height Heq is 18.77. Converting this de-
tection upper limit to an estimate of atmospheric escape rate is
complicated by the amount of unknowns, such as the tempera-
ture of the escaping material, the actual EUV irradiation that the
planet receives, departure of the extended atmosphere from axial
symmetry and local thermal equilibrium.
For comparison, we plot this result in the X-EUV irradiation
versus δRpl/Heq in Fig. 5. There are currently no publicly avail-
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able observations of WASP-127 in X-rays or UV wavelengths, so
we needed to estimate the high-energy irradiation of the planet.
We use two approaches for this estimate: i) using an SED model
of a similar star (HD 330075, same G5-type as WASP-127) from
the X-exoplanets database1 (Sanz-Forcada et al. 2011); and ii)
using the age and B− V relations from Jackson et al. (2012) and
extrapolating the X-rays luminosity to λ = 504 Å. The ioniz-
ing flux that populates the metastable He i triplet is limited to
wavelengths shorter than 504 Å (extreme ultraviolet, or EUV;
Oklopcˇic´ 2019). These techniques yield, respectively, EUV irra-
diation levels of 0.092 and 0.024 W m−2 at the semi-major axis
of WASP-127 b. Despite possessing a large scale height, one of
the explanations for the lack of detectable He i in the upper atmo-
sphere of WASP-127 b is that the planet receives very little high-
energy irradiation compared to planets with a detectable signal.
This seems to be the case also for GJ 436 b and KELT-9 b.
Lam et al. (2017) estimated the age of the WASP-127 sys-
tem using the isochrones method, which is reliable for old Sun-
like stars (see, e.g., Spina et al. 2018), and derived a value of
11.41 ± 1.80 Gyr. The old age of the host star and consequently
its relatively weak high-energy output could be part of the expla-
nation of why there is no detectable He in WASP-127 b. How-
ever, the non-detection in the young planet K2-100 b (see the
discussion in Gaidos et al. 2020), which is under a stronger EUV
irradiation than WASP-127 b, shows that the atmospheric escape
history also affects the detectability of the He i feature.
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Fig. 5. He i ionizing irradiation (λ < 504 Å) versus the equivalent height
of the absorbing He i particles in the upper atmosphere of WASP-127 b.
The high-energy irradiation was estimated with two different methods
(see full text), which define the limits of the horizontal uncertainty. The
data points for other targets were measured by Nortmann et al. (2018)
and Alonso-Floriano et al. (2019).
4. Conclusions
We presented a pilot study to assess the feasibility of using the
Phoenix spectrograph, a visiting instrument on the Gemini South
telescope, to detect He i in transmission around transiting hot-
Jupiters. We used a standard procedure to reduce the data to
allow for reproducibility. The observed spectra had an average
signal-to-noise ratio of ∼26 near the He i triplet. In total, we mea-
sure 12 exposures of 900 s during the transit of WASP-127 b, 10
1 Available at http://sdc.cab.inta-csic.es/xexoplanets/
jsp/homepage.jsp.
out of transit and two exposures were discarded because of cloud
coverage.
The final transmission spectrum of WASP-127 b near the
He i triplet has an average precision of 1.9% per wavelength bin.
For reference, a transit observation of WASP-107 b using the
CARMENES spectrograph rendered a comparable precision for
its transmission spectrum (host stars with similar J magnitude
and similar amount of observation time). This result illustrates
the potential to use the Phoenix spectrograph as a viable alter-
native for this purpose. We do not detect an in-transit excess ab-
sorption due to the presence of He, and constrain it to 0.42% ±
0.36% between the wavelength range [1083.280, 1083.355] nm.
To date, WASP-127 b displays the least amount of atmospheric
He i absorption relative to its scale height when compared to
other detections and non-detections. The most likely explana-
tion for this lack of metastable He in the upper atmosphere of
WASP-127 b is the low amount of ionizing irradiation (1-504 Å)
from its host star, which in turn can be related to the old age of
the system (11.40 ± 1.80 Gyr).
There are two main limitations with using the Phoenix spec-
trograph to conduct He searches in transmission: i) the lack of
an automated pipeline renders the data reduction processes dif-
ficult to perform and reproduce; and ii) since this is a visiting
instrument, its availability on the Gemini South telescope is dic-
tated by the demand of the community during the first phase of
the call for observing proposals. Given the promising results we
presented, we hope that this pilot study stimulates the commu-
nity to apply for observing time using Phoenix and to develop an
automated pipeline to reduce its data. Until the date of the obser-
vation, this was the only spectrograph available in the Southern
Hemisphere with a promising prospect to conduct this type of
observation. In the near future, other southern instruments such
as CRIRES+ (Follert et al. 2018) and NIRPS (Wildi et al. 2017)
will be able to perform such studies; however, having an extra in-
strument would help distribute the pressure that would otherwise
concentrate onto the newer spectrographs.
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